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LUMINESCENT COMPOSITIONS 

The piesQxt invmtion nalates to bminescait ot^anic compositioxis wMdi are 
equable of emitting ciicukrly polarised light and also to light ^ttitig devices 
incQxporating such compositions. Examples of such deuces contemplated by the 
inveoition include Organic Light Emitting Diodeg (OLEDs) e*g. as li^t sources foi* 
^Tjackli^ting" Liquid Ciystal Displays (LCDs) or as display devices in their own 
ti^ 

.1 

Mod^ consuxTio* electronics requite cheap, ligjht contrast displays with good 
powff efficiency and low drive voltages. This is incsreasingly inxpOTtaat "wifh the 
development of mobile commnnication^. 

Ctiireaifly flat panel dispkyB are provided i3a:edOTmmantIy by LCDs, e.g. 
Twisted Nematic LCDs (Tbf-LCDs) with active matrix addresing and Supcar-TwiBted 
Nematic LCDs (STN-LCDs) with multiple^ addressing. Ibere is howev^ a 
dififidvantage with LCDs in that they ape of low intrinsic brigjitness and intisnse back 
lighting is required which in tutti is a heavy drain on power. This low intrinsic 
brightness is due to hi^ losses of light caused by tlie atisoibing polarisers and iilters 
which result in external transmission eflScieacies of around 1% [1], These losses can 
be reduced by providing a back light source which itself emits polarised light of a high 
polarisation ratio, in excess of 100:1 (althou^; lower values (in excess of 10:1) can be 
employed if a "clean-up" polariser is also used), The use of Budb. a light Soutoe 
avoids the need for one of the polarisers iu the LED thus ijEproving brightness. The 
light source may be a electroluminescent (EL) light source and the combination of 
organic EL and LCD tcclmologies offers the possibility of low cost, bright portable 
displays with the combined benefits of simplified niamufecturiog and enhanced powra: 
eflSciency. Thus, the development of OLEDs [2-4] offers the prospect of a light 
source with polorised electrolutnincscence ftir LCDs with a lower power consumption 
and high brightness. 
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[3] QLEDs also r€!pr^6ixt the mam ocnnpetitor to Liquid Oystal Displays (CCDs) 
in file flat panel Bii^plays mai&et as well as bdng a potenlial 6oqi?ce 'of polarised 
^nissionfbrLCDEL ' " . " 



OLBDs are characterised by low operatiiig voltages and power consumptioQti^ wide • 
viewing an^es and high brightness and contrast ratios. Thus, they are compatible wilii 
pOitable applications. High-iofonnation-content OLHDs using organic wai'ftr;^!^ can 
be addressed using direct addi-essing, multiples addressing or active matrix 
addressing. 

OLEDs ar^ currently &bricated . using electtoluminescent low-molar-mass 
maimals or aromatic conjugated electroluminescent polyni^rs with a hi^ glass 
transition temperatuze (Tg). Both of fliese classes of orgstdo materials require a high 
Tg value in order to avoid cryBtallisati<ui, which can d^radc device performance 
severdy. Indeed, life-time has beeoi the major obstacle to cormiFieEi.'ciali&ation of this 
Otherwise attractive technology. However, commercial OLBDs using low^olecular 
weight materials and polymer are starting to appear on Ihe flat-panel displays market 
in significant volumes. Typically EL polarisation ratios of 30 to 40 for toearly (plane) 
polarised li^t are desired, but with the use of a clean up polariser EL ratios of 10 or 
more are adequate. However, circLil^urly polarised light can also be converted into a 
Source of linearly polarised light by the veiy efficient tfansformatioaa of the emitted 
circularly polarised li^ into plane polarised light by the use of an inexpeinsive 
quarter-wave CU4) plate with very litde loss. 

Plane polarised EL can be achieved from uniaxially aligned chromophores with 
bffit result^ obtained from polymers to date. [3p4I An BL polarisation ratio of 12:1 
with 200 cd ra*^ was found from /lara-phezqrlene vinylene rubbed at high tenqieraturea 
when paiiially-femicd fiom its soluble polymer precitrsOT. [5] A better ratio of 15: 1 
but with lower brightuess was teported for liquid crystalline polyfluorene filmg 
oriented using mhbed poJyimido. [6] However, in addition to ptobloms associated 
with mechanical rubbing* tiiese high molecular weight polymers can possess 
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dbadvanbag^ suxih as Ugh viscosity^ leading to long gnriMtingr times at hi^ 
temiqfKxatures. The macroscopic alignmeait of th& cfaroooophore for pcldrised EL has 
been, achieved by a variety of metiiods including tnechaniral streto±i3ig [7;,8], rubbing 
[9] and Lsngmiiir-Blodgett (LB) deposition [10]. Vety large polarisation i^os for 
photoluminesceace have been obtained from stretch-oriented fihns of MHH-PPV, i.e. 
poly(2-methoxy-5-[2'-ethyl"bexyioxy]-i?flra-pher^^ vinylcne, [H] However, 
implenasntation io active EL configurations proves problematic for films of thickness 
:^ 1 pm due to degradation of the structwal integrity of fhe fihi^ at the hi^ draw catios 
required. In contrast, LB deposition creates macroscopically oriented fhin films of a 
&w nm thickness. Unfortuxtately, the D3 deposition technique is not compatible "wlfli 
large-scale prciductioa of commercial devices. Crystallisadotn of LB fii-m.g over tkne is 
also a major problem. 

Because of th^e factors, rubbed polyimide [5,6,12] has remained until now. 
the most attractive process fbx aligning Imninescent chromophores, especially in the 
liqiiid crystalline state^ for poteatial commercial applications. Even so, the nibbing 
process does have several potential drawbacks as it can cause mechanical damage and 
generate Biectrostatic charges Hence leakage currents result, which can signifigantly 
reduce device lifetimes. 

The conversion of macroscopically oriented reactive mesogens (liquid 
ciygtals) io an intractable netwods: provides an alternative route to polarised EL. This 
tedmique tnyolves the polymerisation and crosslinking of reactive liquid crystal 
monomers via pihoto-polymCTsable and/or themially polymerisable end-groups of the 
molecule. Low tempcratqre processing is possible and multilayer devices can be 
constructed with carrier-transporting layers deposited on top of the insoluble 
crosslmked network. Sub-pixellation can also be acMwed by seleotivo 
photopatteming. Polarised EL with a dichroic ratio of 2 was achieved only by doping 
a liquid ciystal network with a photoactive perylene dye. [13] Other authors quote 
polarised absorbancQ and PL. [14,15] EL waa not reported, Wc have recently 
demonstrated for the fust time that efficient emission of linearly polarised light is 
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possible Vising Ms ^roadL [16-18] Electtolixoiinescence with a polarisatioa i:alio of 
11:1 fi:om a uulfismfy aligned nematic neitwozfi: was dchieved. Dieiae pboto-aotive 
endrgFoups wisie used, v^Uicdi pol^eiise by a selective (^]iBaiio& xad&cm. Sioface 
afigpmcDt was achieved using a doped polymer photoaKgnmwt layer^ oriented by 
exposure to a polarised UV Ugjit. Threshold voltages between 2 V and 8 V were feimd 
and a niaximuni brightneBS of 400 cd m*^ was obtained. This combination of photc- 
ciosfilinkiag and non-contact alignment technology shows fiiat polarised, patterned, 
multilayer organic electroluminesiceut displays can be made using standard 
phofollthogcaptay techdques at rocmi teniperatuie. 

The use of ciiculaily polsxised lig^t as. a light source is much less advanced, 
allhougjh potentially of equal or greater value, CircularLy polarised »ght has been 
generated by i^otolunoinescence and electroIuzninescCTce using three main methods 
[3] involving macroscopically aligned chlral uraiatic liquid ccystals; 

a) a guest-host system involving a photoluminescent guest molecule in a chiral 
nematic host [19]; 

b) mainchain coiijugated polymers with optically active (chiral) pendent Gihains 
[20,21]; and 

c) chiral Ui^n^atio glasses [22t24]. 

The chiral nematic phase (N*) is the helical ec^uivalmt, induced by the 
presence of at least one optically active material, of the usual nematic state. This 
results in a macroscopic helical structore in which the director rotates through 360° 
over the pitch lengfli of the chiral nematio phase. The optical properties of the cMral 
namaiic phase origmate fiom this twisted structure, eg., high optical rotation of plane 
polarised li^t under certain conditions* circular dichroism and the selective (Bragg) 
reflection of drcularty polarised Ug^t in a narrow band of wavelccgths related to the 
pitch of the helix. 
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M unusual feature of a chital nematic helix is that one hand of dicularly 
pol^sed lig^ is reflected and cm lutnd is tcansmitted. The c^ttal wavei»gf]i of 
selective reflection is given by 



^s=p.n (1) 

whtxe p is die pitch of die chiral i^madc helix and n is ttte ararage zefcactive 
index (no + jiJ2). The pitch of a diLral nematic phase is tempeiature depeadent since 
both rofib^tive indices of a liquid crystal vary with temperature. Hie bandwidth of 
sda^tive reflection is given by 

AXF=^ii/Ah (2) 

where An is the biieimgenee (n^- Uo) of the chiral nematic liquid crystaltltie phase. 

The highest degree of circular polarisation of emitted Hght obtained fiom a 
bmiinesoent ohiral nematic system has been aclueved by mfltcbing the wavel^gth of 
emissm to the wavelength of selective reflection of the chiral nematic helix in the so- 
called resonaijbce region. The degree of circular polarisation can be defined by the 
dissymmetry factor ge 

ge = 2(Il - + Ir) (3) 

where aijd II are the intensity of right^ianded and left-handed, respectively, 
of the enwtted oiroularly polarised light, or by flhe ratio of Ir to (or the inverse). 
These parameters are clearly related and should be as high as possible for practical 
^plications. The magnitude of gc varies from 0 for uapolari$$d light to sfc2 for 
completely circularly polarised hght. Values of -1.5 to +0.S were achieved in the 
resonance region usmg chiral nematic hquld ciystals stabilised in the glassy state. 
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However, an inversioo in siga in the rosonance re^cm was observed 
inexplicably. The go &£tor also changed isignif c«itly -willi wavelGngth and the 
wavdiengtb integrated value of is low. Furthetmci^ suqIx hi^ values were only 
achieved using fliick cells, e.g,^ 35 pm. Unfortunately chiiaj nraiatio coitjugated 
polymers exhibit very low values, e-g., 5 x 10'^, 

It is an object of the poresent invention to obviate or mitigate at least $ome of 
the abovementfonfid disadvantages. 

According to a first aspect of flie present invention tiiere is provided a 
conap6$ition capable of emitting citciilarl^ polarised light compiising a medium 
including a chiral, helical liquid ciysfaliine phaae with a substantially fixed, 
temperature independent helical pitch, said liquid crystalline phase bdng conqsfised of 
oalamatic liquid crystal moleculeis having a luminescent moiety and the composition 
being such that excitation of the hmiinesceat moiely causes the medium to emit light 
in the bandwidth of selective xellleotioii of the liquid cryBtallinc phase. 

AccordlEg to a second aspect of the present inventioix there is provided a light 
emitting device comprised of a ooll having a pair of opposed sides and cgntaining a 
composition as defined for the first aspect of the invention, at least one of said sides 
being transparent to Oud polarised light emitted by said composition on excitation of 
the luminescent moiety. 



light emitting devices in accordance with the second aspect of the invention 
may be produced by providing a cell having a pair of opposed walls at least one of 
which is provided on its interior surface with aii aligmnent layer and filling the cell 
with a foimulation (which is a preciirsor to the cotnposiliQn of the invention) which 
incorporates calamatio liquid crystal molecules havmg sl luminescent moiely and 
which is capable of being assembled by said alignment layer(s) to a chiral, heJioal 
Hqujd cvystalline phase, i^sembling said formulation into said liquid Crystalline phase* 
and immobilising said phase so as to provide the latter with a substantially fixed. 
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ten^etatuie iniiepeojimt lielical pitch. As described more Miy betoWp tbe 
ixnmoHlisation (to produce the coEapositicn of the invenlioii) may be effected by 
^^verting tbe precursor foimnkiiQn into a glass by qiusQching tlmt compositLOii to 
below its glass transition temperature (T^. Atteamatively the calamatic liquid crystal 
iQoleculBS may mcorporate polymeiisabld moieties (e.g. ol^nic double bonds) such 
that the compositLon may be polymerised to foiin a network in which the helical liquid. 
Ctystalline phase has a fixed, tempenature independent pitch. 

According to a tliird aspect of the present invention there is provided a 
medium including a chiral, belical liquid otystalGtie phase in the form of a glass» said 
liquid crystalline phase be^mg comprised of calamatic. liquid crystal xnolecnks having 
a tuminescsit moiety and the coxccpasitioa being such that excatation of the 
Illmiiiescsat moiety causes the medium to emit light in the bandwidth of selective 
re^Bectlon of the Hqdd ciyscalline phase. 

According to a £;)urth aspect of the ptesent invention there is provided a 
medium including a chiraU helical liquid ctystalline phase in fhe form of a 
polym^-ised network, sdd liquid crystalline pha$e being con5>ris€d of calamalic 
liquid crj^tal molecules havmg a luminescent moiety and fb^ composition being such 
that excitation of th^ luminescent moiety causeg the medium to emit light in the 
bandwidth of selective reflection of the liquid crystalline phase« 

The compositions of the invention (which as indicated may be glasses or 
polymer netwodics) axe conq^rised of calamatic liquid CEystal molecule which 
incorporate a hrniinesceot moiety and which are ^assembled^ in a chiral, helical liquid 
crystalline phase. The preferred range for the "length" of the hehcaJ pitch of the 
composrtion is 0.2 pm to 0.5 |LLm. In use the luiriinescent moiety is actLvated (in ways 
described more fully below) to generate light which is within, or is convealed to be 
wrttuUfc tfie bandwidth of selective reflection of the helical h'quid cgcystalUne phase. As 
a result, and due to the abovedeaeribod properties of a ohiral^ helicsl liquid corystalline 
phase^ circularly polarised light is eiinitted. 
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By ensunng (bat the liquid ciystalline phase has a substantially constant, 
tempfimtuxe independent hdKcal pitch, the ^stopband' (i.e. the band^dtb of selective 
reflection) is tsnpexature independent so that the lumineBcent propeities are likewise 
independent of tenrpeiature. 

The use of the calamatic liquid crysted molecules is an important feature of the 
invention since it is "ftiese molecules which allow light cutting devices which are 
much thinnei' than those achieved using the "disk-like" molecules in the chiral 
nematic glasses, [22-24]. Calamatic liquid crystal mQlecules as CTiployed in this 
invention exhibit hig|i tefiractive indices and a.laige birefiingmce. This allows the use 
of thin cellSy which is espedally advantageous Sat electrolummescence where the 
switch-^n and operating voltages increase with cell thickness. Purthennore, calamatic 
liquid crystal molecoles as employed in tliis invention pos$es a relatively low value 
for the flow viscosity, which allows them to be oriented cfiBciently with a high order 
parameter <m ligament layers^ especially photoaGghment layei$. This contributes to 
die hig^ values of the polarisation ratios of circularly polarised light obtained using 
cells incorporating these calamilic liquid crystals. A further advantage of the calamatic 
liquid crystal molecules as employed in this invention is the ability to SO modify their 
chemical structme to obtain high charge mobility, especially of holes, througli fliem. 

This is advantageous for the construction of efjBcient OLEDs containing them as 

desoibed below. 

The compositions exhibiit an intrinsic high value of birefiringence (An) wfaicb 
results in hig^ reflectivity in the light emitting devices and a broad bandwiddi of 
selectivB reflection (see equation 2 above). Circulariy polarised eleotrohiminescCTce 
with high II to ratios (>15:1) can be predicted fiiottl devices with a fiiickness, 
d»Vna so a higji value of the average refiraction index, enables thin devices to be 
made for light of a gjven wavelengtli, e.g. in the visible spectrum. The rod-like or 
latho-like nature of calsjoo^tio liquid crystal molecules as employed in this invention 
with their high lengflx-to-breadth ratio and highly conjugated and rigid aromatic 
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ttiQlecular cotbs automatically gives rise to hi^ values for fbs iefi:aciiv& indices and 
the birefringence. The value of d (i.e. the width of tba "g^** in the cell) may for " 
example be in the lanse of 1 to 10 iiidacon?. Thimier devices eould be i:i;sed to provide 
lower, but acceptable, IlUr catios. 

The chiral, liquid ciystallkie pha;se of the composifion of the iovenlion is 
preferably a dural nematic phase but may ateo be a chiral smectic C plmse. The 
oliitality of the phase may be by virtue of the calamitlc liquid crystalline molecules 
havii]^ at least oi^e chiial centre. AUematively these molecules may be achiral and a 
chiral dopant is provided in the liquid crystalline phase. Bcamples of chiral dopants 
are disclosed in liquid Qystals, 11, 76L, 1992 2»d ref^^soces therein. 

For all embodiments of tlie compositiofO in accordance with the invention, the 
pitch of ilxe helical liquid crystalline phase, can be "en^neered" sudi that the 
bandwidth of selective reflection has the value required for the particular qiplication 
of the composition. It is also possible to adjust the pitch such that the emission region 
exhibits Totazy power or mauguin wave-guidiips upon exdtadon of laser. The pitch 
can also be modulated by irdxiiis the achital dnd chiral versions of the luminescent 
liquid Qij'Btal molecules as employed in this, invention so that the lunsin^cence 
characteristics remain tbe samea so as not to affect energy transibr to a dye. 

The luminescent moiety in the calamatic liquid crystal molcscules may be 
photaluminescenl or electroluminescent and may thus be excited accordingly to emit 
light which is, or is converted in the medium containing tbe helical liquid crystalline 
phase to be, within the bandwidth of selective reflection. 

Compositions in accordance with the invention m^y take a number of fbimSr 

La one embodiment of the compositicn, the luminescent moiety (be it 
photoluminescent to electroluminescent) is capable on excitation (by light or 
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aijplicatioii of a poteDtcal diffirrace as appropriBte) of emitting light in the bandwidth 
of seteotive reflection of the ligiiid cxystallme phase. 

Li a fiirQier embodiment of the inveutioii, tha Imninescent moiety (be it 
pbotolunniiescent to eIectrolumi3i(^C6nt) 'doe& not emit in the bandwidth of selective 
reflection but the composition contains a dye capable of absorbing the emission of the 
hratinescEnt rooiety and re-emitting light having a wavelength in flie bandwidth of 
selective reflection. This approach onables the &bricatioi] of full-colour, higji 
infonnation-content OLEDa by pbcelladon of the three inimary colours using 
luminescent dyes, Altemalively the dye can be excited by nonradialive Forstar-Dexter 
eofiEgy transfer fiom a blue-emitting chiral liquid crystalline polymer network to red- 
emitting and green-emitting dyes, in eadi caaep the pitch of the helix is preferably 
adjusted for maxmuim value of the drcular extinctibn ratio fyr each colour. 
Examples of dyes that may be used for conv^ting blue It^t to red or green l^bt are 
^oWn in the following Table 1 . 
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Tabid 



Molecular Stroctme 



Acronym jsolour 




Coiimanii6 red 



DMQA 



green 



DCM-l 



red 



TBPD 



ted 



pearylen© . orange 



In the case where the liuninescent moiety in the calamatic liquid crystal is 
phDtolwninescetit it may be activated either by an extemal light source or by liglit " 
fit>ni a luminescent dye provided in the medium. For the form^ case^ the 
compositiQns of the invention axe for conversion of an mTpolarised light soutte 
into circularly polarised light of different wavelength. Eleotrioally pumped laser 
action is also possible because of Ihe high feedback. Excitation can ^so be provided 
by current injection to provide electroluminescence from the host^ vsrhich is transfeared 
to the gaost dye, Wliich in turn emita light at a longer wavelength. 
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It will be appreciated fixm the foregoing description that composilions in 
accordance with fh© mvodioa may readily be fommlated to etoit Kglit of a 
IttBdetemuaed wavelength. More particularly, the ^ndsdoii Epeotmm of th© 
compositions can be easily tuned to the b^d width of selective rejQlectioii from the 
ohiral helix by oheinical modificaticii and/or by blendmg with non^tically active 
aixalogues. 

The chiralj» helical liquid crystalline phase with, a {ixed, tempeiatuie 
indfipeudent helical pitch, 19 most preferably a Ncmatic phase but could also be a 
. Smectic C phase. H is possible substantially to fix th$ helical pitdi of the liquid 
crystalline {^lase (so diat the pitdi 15 substantiaHy tempeniture independfigol) in a 
number of ways. For example, the liquid orystalline phase maybe in the foim of a 
glass in which the calamatic liquid crystals »c eflfectively unmobilised. For this 
pmpose it is preferred that the eompoation of the invenfion has a glass transition 
ten^eratote (Tg) of more Ihan S(fC. AltemativBlyJ the calamatic liquid crystal 
molecules may incorporate groups (e.g. olefinically wisaturated groups) that may be 
polymerised to form a network which effectively immobilises the molecules. 

Tb^ calamatic liquid crystal molecules employed in the composition of the 
iwefution will generally incorporate a luminescent (photoluininescent or 
eledrohiminescent) moiety which will provide the **cortf * of the molecule and to 
which are altached two aliphatic spacer groups. The core may be a rigid, h^y 
conjugated aromatic system. Tliis luminescent core will usually be comprised of a 
number, preferably 4 to 6» coi^ugatcd aromatic rings and m&y comprise a fluorene 
"centre" each benswne ring of which is conjugated to a system of at least One (and 
prsferably two) fiiriher aromatic ring(sX to which systetns are bonded the spacer 
groups. Bach such eiystsm may comprise a thiophene ring bonded firatfy to an 
aromatic ring of the jfluorine residue and, secondly, to a further betnzene nucleus to 
which is bonded the spacer group. 
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Swh molecules geti^ally absoib in visible or near-UV part of the 
eleotroniagmBlic Bpectrum and emit in tlie visible or near inftared part of the spectrum. 

Examples of suitable Hquid crystal mokciiles are of the following formula: 




in the ahove foraLula, the S. groups (which may be the same or different) 
represent spacer groups. Groups other than the propyl (CsHr-) may also be employed, 
e.g. alkyl groups of one, two or four carbon atoms. 

Die aliphatic spaco* groups preferably each contain four to sixteen carbon 
atoms, mote pi^focabiy a chain of four to twdye carbon atoms. Preferably al least 
(ms^ and preferably both, of the spacer groups has at least one branch (preferably a 

roefUyl group) ^hich provides a chiral centre. Preferably the two spacer gcotqps are 

identLoal with, each oth^. 

The position of the optically active centre and the nature of the branch are 
chosw m order to induce a chiral helical (preferably nematio) pitch in ftie r^on of 
the emission spectrum for optimum efficiency of generation of circularly polarised 
light. The closer the position of the branching group in the aliphatic spacer group is to 
the molecular core the smaller is the pitch. Small btanching groups, such as methyl, 
cyano or halogen^ especially fluorine and chlorine, are preferred, since they induce the 
desired magnitude of the pitch, contribute to the formation of hquid crystalline glasses 
and do not excessively depress the liquid ctyslallina character of the conqiounds 
incoiponating th^ . 
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A pdlynjerisabl© gBOUp may lie present at tiie end of the spacer group. Tins 
polymerisable group may be aix aciyiate, methaciylate, conjugated or nourconjugated 
dism, a viiqrl ether or an oxetane. A pliotopolimerisable groTJp is preferred. It is also 
particularly preferred that the end groups polymerise to incoiporate a cyclic structure 
in the polymer backbone. A non-coiyugated di^e, such a l,4-pentadiett-3-yI, 1,5- 
liexadien-3-yi or l,6-heptadien-4-yi gronp, is prefenred at the '^end" of ft spwer group. 
These materials can be used as thin photoluciincscait or etectrolumineacent films as 
chizal nematlc glasses oi as ciosBlinked pofymer netwcnfcs. 

The following Table 2 givBs eKRoaples of calamatic liquid crystal molecules 
that may be employed in the inv^mtion. 

I 

Table 2. Transition teittqjetaturBS fC) fer the fluoimeB (1-3), vdiere Cr-N» 
and Cr-I = the melting point, N*-I = the cleadng point fiom fha dbiral nematic (N*) 
pbass and tg is the glass transition temperature. 




RO OR t Cr If* 



-0 o- 



(S) ■ 


45 


194 


(' 


173) 




29 


123 


(- 


122) 


(S) 


23 


123 


(■ 


122) 
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. Such kinds of catatoatic liquid oystal molecules are ^edaily useful for 
fbnnizig ohiial ncmatlc glares. 



An example of a liquid crystal molecule Uiat may be used in the formation of 



polymerised neterorfc is of the above general fonnula (sliown in Table 2) in Which, the 
R grot^ axe of fhe fommJa: 



where x is 4 to 12 (prefcarably 4-6, e.g. 5) and is a l,4-pentadiett-3-3«, 1^- 
hexBdiOT-S-jd or l»6-heptadien-4~yl=gEOup, 

Devices in accotdance with fhe second aspect of the invention may, as 
indicate above, be prepared by filling cells having a. pair of opposed substrates at 
least one of which is provided on its mterior surface with an aligranent layer with a 
composition that is capable of being assembled by the alignment layer(5) into a ohital 
helical liquid crystalline phase, and then treating the composition to fe the pitch 
length of the helix at a constant value. 

Tbe ot! each alignment layer is preferably a photoalignment l&y&t^ generated by 
the action of actinic light, preferably polarised ultra violet light, on a photoreaetive 
polymer, especially such as formed by a 24-2 cycliaation reaction, as descxibed in 
Chem Mater, 13, 694, 2001 and J, Phys D. AppL Phys., 33 R67, 2000. Such layess 
&cilitaCe polarised emission due to the weak wall eSTects on the adjacmi liquid aystQl 
medium of the photoalignment layers. 

The compositions of the invention are ideal for flie conversion of unpolarised 
light into circularly polarised light of different wavelength. If desired, the circularly 
polarised light can be converted to plane polarised light by a 3l/4 wave plate. 
Electrically pumped laser action is also possible booause of the higti feedback. . 



-(CH2)i.C(0)0-R» 
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CompoaitionB in accoidance with tfie invention are alw higjaly effidenl hole- 
transpoit materials which aids charge iiiijection for efHcimt dectrohiminescaice. 



The compositions of the invoition may be used for gcaxencaling an efficient 
• souice of ciicularly polarised light for a numbex of applications, e.g. especially bright 
OLEDs for back lifting LCDs, lasers; notcli filters etc. 

The device magr, for example, be photjolmninescent and may be provided 
between a light source and a LCD as a backlight for the latter (since the device 
efS.ciently ronv^ inqMiLarised ligjht uito bigjbly circularly polarised lig^t). Thus, the 
LCD wonid still be brighter in spite of the added pres^ce of the photblmninescent 
cell between the source and the LCD (instead of an absofbing polariser)^ 

Altematively, fhe device may be eleotroluminescent device, fom^ch pmpose 
it maybe provided witti appropriate. electrodes (e.g. Indiimi/Tin D3dde). Such a device 
could be used as a backlight for an LCD or as a display device in its own right. 
Additionally there are many physical effects and photonic devices, such as optical 
storage devices, which would benefit from a source of highly circularly polarised 
ligjit 

The mvention will now be described, by way of example only, with reference 
to the following non-limitmg &camples. 

Example 1 

Freparadon of (S)-2,7-j>ft(5-[4-(3s7-dimethyloct-6-enyIoxy)p][Lenyl]thi6n^ 
yl}-979-dipropy]fluorene. 

A mixture of 2^7-6fe[5-(44iydroxyplienyl)thien-2-yl]-9,9-dipropylili^^ (1.0 
g, 1.7 X 10"^ mol), (S)-(+)-citron©llyl bromide (LO 4.6 x 10"^ mol), and potassium 
carbonate (0.5 3.6 x 10*^ mol) in acetonitrile (10 cm^) was heated under reflux for 
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24 h. Bkcgsh potasrfnm carbanalB was filtered off and precipitated product rinsed 
firroug^ with wami acetojoitrile (2 x 10 an*^. The solution was concentrated onto 
silica gel for' purification by column chromatograpliy [silica gel, 
liexanerdichloromefbaiie 3:1 eluting to h^anerdiohlojronietihanQ 1:1] followed by 
rectystalKsation fiom elhanoltdichloromethane to yield 0.58 "g of (S)'2,7'bis{S-[4^ 
(3,7-draie%loct-6-enyIoxy)phenyl]fhien.2-yl}-9^ Tg, 23 **C; Cr-I, 

123 'C; G^*-1, 122 'C). The PL and BL emission is ycUow-green. 

(The 2.7-6to[5-(4-hydiioX3T?henyI)thien-^^ required as 

a starting materials was prepared described in App^dix 1). 

Hk followxag compounds could be obtained analogously: 

(;?)-2,7-&i;?{5~[4-(3J~Dimethyloct-6-enyIoxy)pbOT^^ 
dipwpylfluorene, Tg, 29 ^'C; Cr-I, 123 (N*-1, 122 '^C); 
(5)-2,7-6fe{5-[4-(3-Mefliylpfinlylo^^ 



fiJoylosy]phenyl}pyninidino-S-yl)-9,9-dipropylfluo«tt& 

A mixture of teD*£5£&fj?(triplLenylphosphine)paIladium(0) (0,06 g> LO x 10"^ 
mol), 2,7-dibromo-9j9-dipropylfluoreiie (1 g, 2.45 x 10'^ otoI). 2-{4-[(5)-3,7- 
dimethyloct-6-exiyloxy]plienyl}pyriTnidine borotiio acid (2.16 g, 6.12 x 10"^ mo\\ 20% 
sodium carbonate solution (25 cm^) and l,2"dimethoxyethan6 (85 cm^). Tile reaction 
mixtune was heated under reflux overnight. The cooled reaction nuxture was extracted 
vriOi dtohloiomediane (2 x 100 cnx^) and the combined oxganic layers were wasbed 
^th brine (2 X 50 can^) and dried (MgS04). After filtration iha solvent was removed 



Tg, 4S *C; Cr-I, 194 °Ci {N*-1, 173 *C), 



Example 2 



PreparatEoq 



of 



3j7-*£s(M4.[(iff)-3J.dimettytoct^- 
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nnder reduced preBSurs axid tiie residue was purified by colunm chromatogiaphy on 
silica gel uang dichlorometfaane as the etueait followed by leciystallisattoti fiom 
diohloronieiiiacie/ethaaol, to yield 1.23 g (58 %) of 2,7-i>te(2-{4-[(^)-3,7-diinetihylQct- 
<5-e!ayloxy]plienyl>p5dmiditie-5-yI)-9,9-dipropyl^^ 24 'C; Cr-I, 113 "C; 

N*-1, 120 The PL aiKl EL emission is blue. 

The 2-{4-[(^-3J-<fime%loct-6-en:^xy]phai9i}lQiTi^^ boronic acid 
resinned as BstartiiigiiiBtaial was prepaid L 

ExajmDiea 

Ft'eparaffoQ of 2,7-£er(^{5-[(<S)-3,7-dinietbyIoct^ny]If]tieii-2-yI} thieii-2- 
y])-9,9-dipropyIfluoreite. 

m 

i 

\ 

A jxjdxture of 5-(X!butylestaimyl-2-[(jS)-3,7-diTuethyto^ (2,23 
g, 4.3 X 10'^ moI)» 2J-6feC5-lnTJmothien-2-yl)-9,9-dipixipylfl^ (1 g, JJ5 x 10"^ 
mol) and teiSraiis'Cfriphefnyiphosphine^pall^^ (0) (0.2 g, 1.7 x 10^ mol) ia DMF 
(30 cm^) was heated at 90°C for 24 h. Dichloromethmie (150 cm^ was added and the 
solmion washed with 20% hydrochloric acid (2 x 150 cm^), water (lOO cm^X dried 
(MgS04) and coiiceiilratcd onto silica gel for purification by column ohnmatogEsqphy 
[siKca gel, diohloromefhane: hexans 1:4] to yield LOS g (70 %) of 2.7-to(5-{5-[(a)- 
3,7-dim^iyIoot-6-enyl]fIiien-2-yl} thieii-2-.yl)-9,9-dipropyIfluarene, Tg. 23 "C; Cr-I, 
123 ^C; (N*-1, 122 *C). T|ie PL and EL emisBioii is yeUow-green. 

The 54abulylcstaimyl-2-[(5)-3y7«dimethyloct-6-enyl]tMophei^^ required as a 
starling mat^ial was prepared bs described in Appendix 1 . 
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Prep^iratioii of 4»7«i&(5-{4r[(iS)-3 JnlimethylocM-enyloxyJphe^^^^ 
yl)-29la3-*benzotliiadlazoIe 

A mixture of tetrakis(tdphtny\phospl^ (0.12 g, l.l x lO"* 

mol),4J-ftfe(5-bromolMm-2-yl)-2,l,3-be£nzo^^ (I & 2.18 x 10"^ mol)* 4"[(«S)- 

3,7-<IimBthylQct-^-en5floxy] pli^nyl - boronio add (1.5 g» 5.45 x 10"^ mol), 20% 
aqueous 60<Uiim oafbonate solution (25 cia^) and 1,2-dixnethoxyerQiaiie (90 cm^) was 
heated imds roftux ovemigjtit The cooled xeactioii mixture was extracted with 
dicljicnxnnetbano (2 x 100 cm^)* The combined pxgamc layers weine washed Willi brine 
(2 X 50 cm^), dried (MgS04)i filtered and ev^otated do;v\/n imder reduced pressure. 
The crude piodud: was pmified by colurmi chromatography [silica gel» 
dichloTtunefhane: hexane 1:4] followed by recrystaUisation fixrni 
dicbloromethane/'etiianol to yield 0.75 g (65 %) of 4,7-iij(S-{4-[(iS>^3,7-dimethyIoot- 
6-enyloxy]pheayl}thien-2-yl)-2,l .S^-benzothiadiazole, 

The 4,7-6£^5'-bromothien-2-yl)-2J,3~ben20thiadiazole required as starting 
material was prepared as described in App^dix 1 . . 

ExanittlcS 

Preparation .of 2i7^6&(5-{4-[(iS)-3.mjethyI-5-(l- 

vtoylaI^loxycarb6nyJ)pentylosylphenyl}thien-2-^^^ 

A mixture of 2,7-^fe[5-(4-hydroxyphenyl)fliieii-2-yl]-9p9-dipt^ 1- 
vinylallyl (i$)-6-bromo-4-methylIiexanoate and pota^ium carbonate and NJ^-- 
dimethylformamide was heated under reflux ovcmight The cooled reaction mixturs 
was evaporated down under reduced pre$sine and the cmde product purified by 
column chromatosraphy on silica, gal using a mijctuxe of diohlorom©tiiane/h««anc 
(80:20) a£ eluent and recrystallisation Sxm a dichloroixieaiane/ethanol mixture to 
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yield of2J-bisiS^{A'liS)-3-mis^^^^ 
2-0)-9,9-dipiop5ifhiorene. 

Th© l-vmylallyl (5)-6-bromo-4-mcti3ylhe!xanoal:e requved as starting material 
was prepared described in Appendix 1 . 

' •' 

PreparaflQii of a lumlnesbent cell comprfsfng a cbiieal neipatie oi^ganlc 

An evacuated cell made of two glass substrates, eadi beacing an ladlum/Tin 
Oxide (TTO) electrode and a photoali^nmfflt layer, glued togTCther wifii a UV curable 
glue containing spaeeis to fcsm a imiferm cell gap of 3.45 }4m was filled ^fh iS)-2,7- 
*fc{5-[4-(3j-dimethyloct-4S-eni4oxy^ at 
120^C rnider an anhydmus nitrogen atmosphere. The flow directiau of the cbiral 
neraatic phase was parallel to the alignment direction of tbe orientation layer. The 
fined cell was sealed with glue and 'then heated to a degree above the transition frcan 
the cbiral Tiematic phase to the isotropic liquid (clearing point) and coaled it at a rate 
OJ. °C per mimate until it reached S °C below the clearing point. It was quenched to 
toem temperature to form a chiral nematic glass. The cell is illnmtnated with a beam 
of cdllimated ligjht at 3S0 xmi &om an argon ion laser. The stopbeixtd of fhs chiral 
nematic phase of (iS)*2J-6fi{S^;4-(3,7"d^methyloc^6'^yloxy)ph6^y^ 
dipropylfluorene ranges Irom 458 nm to SS4 nm. The addition of 2 wt% of 
phejjy)-l,2"ethyl Z?iV4-(£ranar-4-pentylcycdohexyl)be(^ as a chiral dopant blue- 
shifts Ihe stopband range by 10 nno. The circular extincdon ratio at SOO nm is 170 in 
transmission and 16 in photoluAiinesccnce. 
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Example 7 

Preparation of a.elecfrolmninescent cell compfblng an achiral nematie' 
glass and a chinii dopant 

A mixture of 2,7-6/ir(5-{4-[5<l-vmyl^al]yloxycarbonyI)pe^^ 
ph<9nyI}lMen-Z-yl>9,9-dipropylfluorene and (iJ)-l-ph<2nyl-1.2-ediyl 6£s-4-</ra7w-4- 
pent}dcycIoheKyl)benzoat6 is processed as cb^sactensed as described in Example 6. ' 

ExanttoleS 

Freparatian of a electroluminescenif; ceU comprising a cUral nenuitic 
organic polymernetwork. 

1, 

A mixtitt'© of 2J-bis(5-{4-[5'(l'Vmy\^^ 
phenyl}thim-2-yl>9,9-dipMpyffluoreiie and (JZ)'l-phBnylrl,2-ethylenc 6i.ss^«rans?-4- 
pentykyclo1iexyl)ben2oaee was pioces^od as obkracterised as desmbod in Example 6 
using qiiaxtz siibstrates instead of glass substrates. The cell is exposed with rotating 
linearly polarized laser ligjit of wavelength 300 mn or 325 nm. This is adhieved by 
using a depolarised laser Kgjit source with a xoteting polarizer in front of the cell. The 
ceU is exposed from both sides to ensure efficient crossliuking throughout the sample. 
The cell is diaiacterised as described in Example 6. 
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Example 9 

Colour generation by eneiigsr transfer. 

A cell is filled mlii a loixture of Ck)iuhartn 6 and axL etectmlinmnraceiit 
mesogen, such, as those described in Examplcss l^S, or mixture as described in 
Exanq>les 6-8, aB described in Example 6. The selective tefleotion band of the hdix is 
tuned to mttoh the emissic^i spectrum of the dye. The mesog^ ifi excited and 
excitation is HansfOTed dther ladiaCively or nonradiatively to the dye. Red circalar 
polarised luminescence is observed &om the dye. 
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APPENDIX 1 

1. l^naparafion of 2,7-^6[5^4-hydro]s7phenyl)tl4eu-2-yq-9^»^ 

(a) . A lOM solution of n-butyilithium in hexanes (18.6 cm^ 0.18 mol) was added 
slowly to a solution of fllTOTeno (30.0 g, 0,18 mol) in THP (350 cm^) at -50'C. The 
soludon was stirred for 1 Ii at -75 °C and l-liromopiopaiie (23«0 & 0.19 mol) was 
added slowly* The solution was allowed to wann to RT and then stirred &r a fixrfher 
1 h. Dilute hydrochlcdo add (100 cm^, 20%) and water (100 cm^) were added and 
the product extracted into dielliyl ether (3 x 150 cm^. Tho ethereal extracts were 
dried (MgS04) and concentrated to yield 37.5 g of 9-propyliluore 

(b) . A 2.5M solution of w-bntyllithium m haxanes (29.0 cija^ 0-073 mol) was added 
Blowly to a solution of 9-propylfIuorene (15,0 g, 0.072 xnol) in tetrahydroftran at - . 
50°C, The solution was stirred for 1 h at -75"*C, l-bromopropane (10,0 g, 0.092 mol) 
was added slowly and the temperature raided to RT after completion of the addition, 
Afker 18 h, 20% hydrochloric acid (100 cm^) and water (100 om^) were added and <hs 
product extracted into diettiyl ether (2 x 100 cm^). The organic extracts were dried 
(MgS04) and concentrated to a pale brown oil, which crystallised ovemi^t at RT. 
The product was purified by reciystallisation from methanol to yield 14,5 g of 9|9- 
dipropylflxjorene, mp 47-49°C. 

(c) . Bromioe (lO.O & 0.063 bol) was added to a stirred solution of 9s9- 
dipropylfluorene (7.0 g, 0.02B mol) in chlorofoiTii (25 cm^) and the soludon stirred for 
0.5 h. Chlorofomi (50 cxn^) was added and the solution washed with saturated sodium 
metabisulphite solution (75 cm^), water (75 om^), dried (MgSO^ and concentrated to 
yield J L3 g of 2,7-dibromo-9,9-dipropylfluorene, mp 134-137^*0. 

(d) . A mixture of 2„7-dibromo-9,9-diprapyIfluorene (6.0 0.015 mol), 2- 
(tcibutylstaniyyQthiophene (13.0 g, 0.035 mol) and re^/'iato(tcipbenylphosphirie)- 
palladium (0) (0.3 & 2.6 x 10"* mol) in AT^-dimethylfbimamide (30 cm^ was heated 
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at 90*0 for 24 lu Difthlommetiiaiie (200 raB?) was added to tire coa\ed teactiwi 
'ijifattura, which was washed with 20% hydrochloric acid (2 at 50 cm\ ihen water (100 
cm^, dried CM[gS04) and oonoeatrated onto silica gel for purifioatioa by coluinn 
dttomfltography [silica gsU dicWoiomc£hflne±eacane 1:1]. The oompomid was fhrther 
purified "by lecrystaffisation from diohlOKaoethanec eflianol to yield 43 g of 2,7- 
6fa(£hiea-2-yl>9,9-dipropylfluoieoe>inp 165-1 TO^C. 

(e). iVi-Bitifflosucdmmide' (2.1 g, 0.012 mol) was added slowly to a stined solution of 
2.7-6&(fhi60-2-yl)-9,9-dipropyJflaofetta (2.3 g, 5.55 x lO"^ mol) in chloiofonn (25 
cm^ and glacial acetic add (25 cm^). The solution was heated under rofliix for 1 h, 
dichloromdhane (100 om^) added to the cooled. leactian mixtine. washed with water 
(100 cm*), 20% hydiocWoric acid (150 cm^), saturated aqueous sodium 
mstabisulphitc soMon (50 cm'), and dried CNtgS04). The solveat was lamoved in 
vacuo and the pioduot purified by reciystallisation ftojn an ethanol/dicbloiomethane 
mixture to yield 2,74 g of 2,7-Wff(5-lHoniothien-2-yl>9,9-dipiopylflttOtene, mp 160- 

165 

CQ. A mixture of 2J-6fc(S-bromotlii6n-2-yI)-9.9-diptopylfluoi*ette (2-7 g, 4-7 10'* 
mol), 4-(melh.oxyphenyl)boronic acid {2.2 g. 0.014 mol), 
tefraAis(hd^6nylphosphlniB)palladium (0) (0.33 g, 2.9 x 10"^ mol), sodium carbonate 
(3.0 s, 0.029 mol) and wa,ter (20 cm') in dimrfhoxyefliane (100 cm^) was heated rnider 
reflux for 24 h. More 4-(mBflioxyphenyl)boronic acid (1,0 g, 6.5 x lO"' mol) was 
added to the ccKiled reaction nuxhire, -which was then heated under reflux £br a fiirther 
24 h. i\r,AMimetibyi fbnnamide (20 cm^) was added and the solution heated id: 110 *C 
for 24 h, cooled and 20% hydrochloric acid (100 on?) added. The cooled raaction 
mixtme was extcacted with dieOiyl etli^ (2 x 50 cm^ and the combined organic 
extracts -washed with water (100 cm*'), dried (MgS04)» and concentrated onto siHca 
gel to be purified by coluxrin clirojiiatography [silica gel, dichloromelihane±isxane 1:1] 
and recrystallisalion from an ethanol-dichloiomethane mixture to yield 1 .9 g (63%) of 



' freshly purifiedliy teciystalUsation from wateo- 
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2/I-4>i^S-C4^adliioxsphmylpa^^ Op-H 235 N-I. 265 



■ dropwise to a stiiTBd soluticwi of 2,7-£>Hr[5-('i-methoxypheayl)fliiea-2-5^]-9b9- 
dipiqpjMuorfaie (1.3 2.1 x 10"^ mol) at 0°C. Hie tEmpetature was allowed to rise to 
RT overoi^ and the Bolution added to ice-water (200 cm^) witii vigorous Btirring. 
Tlie product was extracted into dieth;^ ether (2 x 100 ran'), washed with a 2M 
aqofious sodinm carbonafe soludoa (150 cm'), dried 0^04) and purified by column 
cfaiomaSogi^by [silica gel did]iloj9methaiiB:di&tbyl eilienetfaflnol 40:4:1] to yield 1.2 
g of 2,7-&&[5-<44iydiraQ^henj4)tM€ni-2-yl]-9,9-diprop^tl Gr-I, 277 N-I, . 

259 »C. 

2. rreparafinn of 2-{4-[(iS}-3»7-diiiie11iylodH^liy]oxylpheiiyl}pyrIro 
borouic add* 

. (a). A luixture of 4-bramoph.enol (34.6 g. 0.20 mol). (5)-(+)H:itroiielyl broinide (50g* 
0,023 mol) and potassiuin carbonate (45 & 0.33 mol) in butanone (500 cm^) was 
hBdted untter raflux overaight Ths cooled reaction mixtuie was filtered and ttie 
£[ltiatB concsitrated mder reduce pressure. The crude product was purified by 
ftaottonal distiUatioii to yield 42,3 g {6S2%) of l4TOnio-4-[(S)-3,7-dimeBi3docl-6^ 
eaylosylbmzene. 

(b): 2.5Af ^a-ButyUthium in hexanes (49.3 cm^g. 0.12 mol) was added dropwise to a 
cooled (-78 *C) solution of l-bromo-4-[(iS)-3 J-^iinietliyloct^^ (33 g» 

0.11 mol) in tetrahydrofiiran (330 cm^). The resultant solution was stin'ed at diis 
tejtxtperatqre for I h and then trimethyl borate (23,8 g, 0.23 mol) was added dropwise 
to the mixture while maintaining the temperature at -78 *C. 20% hydrooMoric acid 
(250 cm^) was added and the resultant mixture was stirred for 111 and then extracted 
into dietliiyl eth^r (2 X 200 cm^). The combined organic layers were washed with water 
(2 X 100 om^) and dried (MgS04). After filtration the solvent was removed under 



(g)^ A IM solution of boron tribiomide In chloroform (9 CTJ^ 9.0 mMOl) was added 
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reduce ptessore to yield 20.35 g (65 %) of 4"[(i0-3>7-aime£h3doct-6-enyio^^ 
boromc addL 

(c) . A mixtuxe of /e«raJto(triphenylphosphi^^ (2 & 1.73 x 10"^ mol), 5- 
bromo-ZHodopyninidme (10 g,'3.Sx 10"^ mpl), 4-C3 J-dim9ibyl-oct-6e(dyloxy)ph^^^ 
hotonic add (10.6 & 3.85 x 10'^ mol). 20% sodium carbonate eolutlo» (50 cm^ and 
i;Z-dinieflioxycthane (ISO cp^). Th© reaction mfacturB was hejrted undo: reflux 
overnight. The cooled readidn mixture was exteacted with didiloiomettiane (2 X. 100 

cm^) and iiie combined organic layers were washed with brine iZ x 50 cm^ and dried 
CMgS04). After filtration ttie solvent was removed imd^ reduced pressure and the 

residue was purified by colunon chromatography on silica gel using dicMoromethane 
as the ebient followed by recvystallisatlon from etfianol to yield 7.5 g (55.1%) of 5- 
hirano-2-{4-[(iS>-3,7Hiimethyloct-6-enyIoxy]phTO^^ 

(d) . 2.5Jkf w-Bu^lMiim in hexaaes (8.72 cm', 2.18 x 10"^ mol) was added diwpwise to 
a cooled (-78 'XS) solution of bronio-2-{4-[<5)-3,7-dimethyloct-6-en3floxy] 
plisnyl>ijynmidjne (7 & 1.81 x 10"^. mol) in tetrafliydKifiiran {150 cm^. The resultant 
solution was stuxed at tiiU tBnq)eEatuie for 1 h and then tdmetbyl botate (3.7 g, 3.59 x 
10^ mol) was added dropwise to ffae nrixiiire while Tnaintaining the tenaperature at -78 
*C. On complete addition tiie mixtute was allowed to wann to room temperatora 
ovemi^t. 20% hydrochloric acid (250 cm^) was added and the resultant mixture 
stirred for 1 h and tiiea extracted into dichloromethane (2 x 200 cm^). The corahtned 
organic layers were washed vwith water (2 x 100 cm') and dried (MgS04). Aflna: 
filtration the solvent was removed under reduce pre^me to yield 4-.2 g (65 %) of 2-{4- 
[(iS):3,7-dimeth>doGlr6-eQyloxy] phenyl}pyrimidine boxonic acid, 

3. Preparation of 5-tribatyIestanny[-H(S)^»7'-iUmeifaytocti^''enyl]iMophene 

(a). 2.5Af »-But^Cbium in hcscancs (6Z.cm^» 0.155 mol) was added slowly to a 
sohjtion of thiophene (12,6 g, 0.15 mol) in tetrahydrofuran (150 cm') at -78°C. The 
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solution was stkt^ for 1 h at -78*C, (5H+><»froiielyl taomide (35 & 0.16 mol) was 
added slowly and tlie temp^ratoFS laised to RT after completion of the addition. 20% 
hydiooMoric acid (100 cm^) and water (100 cm^) were added and tb© product 
extracted into diethyl ether (2 x 100 on^. Tte organic extracts were dried QA^O^)^ 
filteced and evaporated down under partially reduced pressure. Tho onidd pLt>duct was 
purified by distillalion to yield 17.6 g (54 %) of 2-{(S)-3,7-dimfifiiyloot^&- 
enyl]thiophei>e- 

(b). 2.5M ff-Butyllithiuni in hexanes (41.2 C5ra^ 0.1 mol) was added slowly to a 
solution of 2-[(iS)-3J-dimoOiyloct-6-anyl]thiopheiie (17.6 g, O.OS mol) in 
tetrahydro&i^ (dty, 100 cm^ at -78?C. The solution was stirred for 1 h at -78**C tri- 
n-butylim oliloride (39 g, 0.12 mol) was added slowly and the teznpecaJure allowed to 
rise to RT after completion of the addition. 20% Hydjodbloric aoid (100 cm') and 
water (100 arc?) were added and the product extracted into diethyl etter C2x 100 cm^). 
The organic extcaots were dried (MgS04) > filtered and evaporated down under 
partially reduced ptessute. Ulc cmd&iHDQdaot was purified by distillation to yield 2 LO 
g (51 %) of 5-tnljiit3d©stannyl-2-[(5)r3 J-dims^ 



4. 4,7^&(54iramothteu^2-yI>-24l»3^hen2»tIiiadfa2^ 

(a) . BrDmiae (52.8 g, 0.33mol) was added to a solution of 2,1,3 -beiizoftdadiazole (8.1 
g» 0,032 mol) in 47% hydrobromic acid (100 cm^) and the resultant solution heated 
under reflux for 2.5 h. The cooled reaction mixture was filtered and the solid residue 
washed with water (200 cm^) and sucked dry. The crude product was purified by 
leciystallisation iroxn etbanol to yield 21.0 g (65 %) of 4,7-dibramor2,l,3- . 
benzotjhiadiazole. 

(b) . A mixture of 4,7'Kiibromo-2»l,3^benzotfaLadiazole (5.0 g, 0.016 mot), 2- 
(tributyIstantiyl)ttiioph»e (1S.7 g, 0.042 mol) and 
te£rate(liiphcaciylphosphiM)palladiui^ (0-3 gs, 2.6 x 10"* mol) in iVjW" 
dimethylfojOTamido (50 cm^) was heated at 90 for 24 h. DicWoromethane (200 
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cmb was added to the cooled reaction mixture. The tesultant solulion was washed 
wilh 20% hydtodiloric acid (2 x 150 cm^ and water (100 cjn^, dried (MgSOO and 
tiien ocfflcenuated onto silica gel fer purification by column cbtomatogcaphy [silica 
gel, dicWcrtMBflfifliane: hexane 1:4]. The oompound was farther purified by 
KtaTStallisation from dichioiomeftaite: ethanol to yield 3.8 g (79%) of 4.7-&is(S- 
bKmiothienr2-yi)-2,l,34j€nzofl)iadia2ole. 

(c). W^-Bromosuccinimide (3.73 g. 0.021 mol freshly purified by teaystalliaation flom 
water) was added slowly to a stinod solution of compound 4»7-&«S-*K»inDthiai-2- 
yl)-2,l,3'-bBn2othiadiazole (3 & 0-01 mol) in ohlCJiofiJtm (ioO om^ and J^lacial acetic 
acid (100 an^. The solution was heat^ under reflux fof 1 h, diddoTomettiane (100 
cm^ added, washed with waier (100 om^), 20% hydrochloric aoid (150 a3a\ saturated 
aqoeoud scdiufltt sulphite solution (50 om^), and dried (MgS04). The Bolvent was 
removed under reduced pressure and the product purified by reraystallisation fi?om 
toluene to yield 3.2 g (70 %) of 4Jr6H(5-toomQthien-2-il)-2,l,3-baizofhiadiazole. 

5. FreparatiDn of l-vin^aUy] ^V^-bronuM-mefbylhesaiioate 

(a). A solution of m-«hloioparbaizoic add (28.1 g) and dicMorcttnethanfi (ISO cm^ 
was added diopwise to a cooled (ice bath) solution of (,Q-<+)-citKmeUyl bromide (25 .0 
g) and dicbloromethane (250 cm') at a rate sufBcient to maJntain fiie tempaatute 
bdow 10 "C. After the addition was coniplele, the mbctuie was stirred at 0 "C for 15 h. 
The reaction mixture was filtered to remove precipitated m-chloiobenzoic acid and the 
filtrate washed with an axjueous saturated sodium hydrogen sulphite solution (130 
cm'): The organic layer was' separated o£t dried (MgS04), filtered and fhm 
evi^OKcted down under reduced pressure to yield 243 & (90.3%) of 3-[(5)-5-bromo- 
3>miefi]ylpenl3d]-2.2-dimethyloxiranB. 



(b). Periodic acid (12,1 & 0,0590 nrol) was added portion wise to a solution of 3-[(5)- 
S-bromo-3-me&ylpentyl]-2.2-dimelihyloMraiie (12.4 & 0.0S29 mol) in tetxakydrofijtao. 
(500 cm') at room temgpaature. After the addition was oonqplete fce reaction mixture 



1.JUL.2002 14540 MARKS & CIJET3K IVC.0161 236 5846 NO. 309 P. 33/^40 



• 



29 



was stirrad fi>r 0.5 h and then poured onto water (SOO cm^). Most of fhe 
tetxaJiydiofiiEan was'removed under reduced pressure and the resultant aqueous layer 
extracted with dietiiyl ethi^ <3 x SCO cm^. The'combmed oiganic layers ii^eare dried 
(MgS04), eviqpoiated down under partially reduced pressure ai^d li>e residue purified 
by column dmunatography on silica gel^ using a mixture of ethyl acetate/hesane (1 :9) 
as eluent to yield 5.6 g (55.1%) of (^-6-bn>xno-4-nieihyIhexaiial, 

(c)* Jones* reagent^ was added dropwise to a solution of (S)-6-bromo-4"m©thyllLeKanal 
(5.0 g, 0.026 mol) in acetone (30 cm^) at 0 "C at such a rate as to raamtain the 
temperature of lite solution below 10 ^'C. Upon cQmpledon of fhe oxidation propan-2" 
ol (12 cm^) was added and the re^tion raixture stiu'ed at raom teanperature for 15 
min-, poured onto water (100 can^) and then extracted with diethyl ettua: (3 x 100 cm^. 
The^ conxbined organic lay^ w^e washed with brine (2 x 100 om% dried (MgS04) 
and thea evi^rated down und^ paitially reduced pressure. The crudo product was 
punfied by column cliromatogF^hy on silica gel i&ing a mixtuiG of* Qthjd 
acetale/hexane (1:9) as eluent to yield 3,8 g (69.3%) of (5)-^broniO'4-inBfliylhexarkoic 
acidf wMch was used wxfliout farther purificatiQa 

(d> A solulion of AVyT-dicyclahexylcarbodimide (4.8 g, 0.023 mol) in 
dacMbromethane (SO cm^) was added to a solution of (5)-6-brc>mo-4-methyUiexanoio 
acid (3.0 g, 0.023 mol)* l,4-pentadien-3-ol (1.7 g, 0.02 mol) and 4- 
(dixnethylammo)pyiidine (0.4 g) in dicWoromethane (150 cm^ at 0 °C. The reaction 
solution was stirred at room temperature ovemigjit, filtered to remove precipitate and 
then evaporated down under reduced pressure*. The crude product was purtCLed by 
column cbroniatogcaphy on silica gel using a mixtuTB of dicUloromethane/bes^ane 
(50:50) as eluent to yield 1-vinylallyl (5)-6-bTOmo-4-metlQ'lhe3canoate. 



^ the silica pi was pr&-a^ealed with a iswtliylainine/IiexaHe (1 :9) solution in order to prevent 
decomposition of the qld^byde duiing chicfflati^gEaphy. 
^ [CrOa 1.5 g; cimMatrated HzSO* 0,54 cm*; H^O, 9 cm'.] 
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CXAIMS 

1. A oomposition capable of emittmg circularly polarised light comprising a 
mfidium inclndiiig a chiial» helical liquid crystalline phase with a substantially fixed, 
teo^eratuxe indspendent helical piteh, said liquid crystalline phasehemg comprised of 
calamatic liquid ccyBtal molecules having a Uimiliescent moiety end file composition 
bdng such fliflt excitation of the lummescent moiely causes the medium to «mii; Ugjtf 
m the bandwidth of sdeotive tefleotlon of the liquid clystallin© phase. 

2. A composition as olauned in olann. 1 whadn the ddral, hfilioal liquid 
crystalline phase is a chiral iKoialdc liquid crystalline phase. 

3. A con^osition as claimed in claim 1 wherein the chiral, helical liquid 
ciystellme phase is a chiral, smectic C liquid crystalline phase. 

4. A composition as claimed in any one of claims 1 to 3 wherem the liquid 
czystaSioe phase is a glass. 

5. A cQw^osition capable of eoritting dicularly polarised compiismg a 
medium including a chiial, helical Kquid ctystaOline phase m the form of a glass, said 
liquid ciystalline phase bemg comprised of calamalic Kquid ctyatd miilecules hawng 
a luOJinesoeut moiely and the conspoaition being audi that excitation of the 
hnnmescent moiety causes tlie medium to emit light in the baadwidth of sefective 
Tsfleotiou of the liquid crystalline phase. 

6. A composition as claimed in claim 4 or 5 wherein flie glass transition 
temperatorB (Tg) of the calamatio hquid crystal molecules is greater than 50°C. 

7. A coiiq)osition as ciaimed in any one of claims 1 to 3 wherein fl»e calamatio 
liquid eaystal moJeoTiles are present in the fami of a polymerised network. 
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8. A composition capable of emitting oiicularly polariBsd light comprising a 
medium including a chiral, helical liquid crystalline phase in the fiinn of a 
poiymeriBed network, said liquid ctystalline phase being comprised of calamatic 
Uquid cxystal moIeculeB having a Ittminesoont moiety and the cotitiposition being such 
that excitation, of the luminescent moiety oaiises the medinm to emit li^t in the 
bandwidlh of geledive reflection of the liquid 0 

9. A caxnposition as claimed in any one of cjaims 1 to 8 wheidn &a Inurinesoent 
moiety of Ae calamatio liquid otystal moleeoles is an clectrohmiinescent moiety. 

10. A composition as claimed in any one of claims 1 to 9 whei-ein the emission 
qpectrum of the moiety ia toned to ihe bandwidth of selective rafleoJion of the Kquid 
Crystalline phase. 



11. A composifem as claimed in any one of dahns I to 9 wherein the oompoaition 
incarporates a dye capable of sbsofbing the emission of tl»e luminescent moiely and 
le-cmitting ligjit having a wave length in the bandwidth of sdeclivc inflection, 

12. A composition as claimed in any one of clahns 1 to 9 wherein the composition 
incorporates a dye which can be excited by non-radiative transfer fiom the liquid 
Crystal molecules to the dye. 

13. A composition as claimed in any one of claims 1 to 12 wherein the 
luminescent moiety of the calamatic liquid crystalUne molecules is an 

■ eleotioluminescsnt moiety. 

14. A composition as claimed in any one of claims 1 to 12 wherein the 
luminescent moiety of the calamatic liquid crystal molecules is a photoluminesoent 
moiely. 
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15. A conqwwtion as claimed in any cwifi of daims 1 to 14 wherdn the liquid 
carystd inolecdes Bie wholo traiifiportmg or dectron 

16. A cojnposilion as claimed in any one of claims 1 to 15 wlisrein the calamatic 
tiquM eiystd motec«les ijwhide Bt leas^ 

17. A compositiott as claimed in claim 16 whsreia flie Uquid ctystalKsie pW 
compiiBes oWial and atdjiral liquid crystal moleculefi. 

18. A composition as claimed in any one of dwms 1 to 15 wherein the calamatic 
Uqaid a^stal njolecules are achiral and the Uquid crystalline phase indndes a .shiral 
dopant. 

19. A composition as claimed in any one of claims 1 to 18 -wiiereln flie catoinatic 
Uquid crystal molecules incorporate a Immnesoent pore comprised of 4 to 6 
coqinsated aromatic rings, said core licing attached to two a.liphatjo spacer groups. 

20. A compOBition as claimed in claim 19 wherein the a%ha3icBpafiOTgi»i^^ 
conl^ fl chBin cf 4 to 16 cai<bon atomfl. 

21. A composition as claimed, in claim 19 or 20 wherein the core indndes a 
£LuaieEie moiety. 



22. A composition as clafaned hi any one of claims 19 to 21 whareto the calamatic 
Uquid aystal molecules are of the fijnnula; 
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" wherdn each R is the same or dissent aiidi^resc^^ 



23. A composition as ckimed in claim 22. wher^ one or bolh of the R g^ups 
incorporate a chirat ceotre. 



24. A composition as claimed in claim 23 ivfaeidn each R groi^ is of the fbrmula: 



A coix^ositidn as claimed in claim 23 wherdn each R group is of the formula: 



27. A Ugjii emitting device comprised of a cell having a pair of opposed sides and 
oontaiaing a composition as claimed in any one of claims. 1 to 26, at least one of sdd 
sides being tcansparmt to the polarised li^t emitted by said composition on excitation 
of the luminescent moiety. 

28. A desvice as clafioied in claim 27 whei?5in the spacing betwera said opposed 
sides is to 1 to 10pm. 

29. A device claimed in claim 27 or 28 which is capable of being excited by 
polarised and/or unpolarised light 




A compositian as claimed m claim 23 wherein each R group is of the fonnula: 
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30. A device as cjLaim^d in my one of olaims 27 to 29 capable of knitting cifcular 
polarised laser emission. 



31. A device as claimed in any one of claims 27 to 30 ivhicli is an OLED. 

32. The combination of a liglht enutting device as claimed in any <me of claims 27 
to 31 ^d a Liquid CrystsQ Display device, said tight emittizig devioe pfoviding a 
source of polarised light for ttie liquid Crystal Display device. 

33 . A mettiod of producing a light emitting device as claimed in any one of claims 
29 to 32 providing a cell having a pair of opposed walls at least one of which is 
provided on its interior surface with an alignment layer and ISlIing the cell with a 
ibimulation which is a precursor to die composition of any one of cVmjs 1 to 26, 
wMcll ticorporates calamalic liquid crystal molecules having a luminescent moiety 
and^v(^ch is capable of being asscmhled by ^d aligmneni: lay^s) to a chiral, helical 
liquid crystalline phase, assembling said ibmiulation into said liquid crystallme phase, 
and immobilismg said phase so as to provide the latter wititi a fixed^ tenqperature 
dependent helical pitch* 



34. A method as claimed hi claim 33 wherein the or each alignment laya- is a 
photoalignment layer, 



